The infrared vibrational spectra of 4-hydroxy-3-cyano-7-chloro-quinoline (4H3CN7CLQ) molecule in the solid phase were download from the NIST Chemistry WebBook. In order to calculate the frequency of molecular vibrations the 4H3CN7CLQ molecule was optimized in the HF and DFT theories in the basic case. All frequencies calculated with HF/6-311G(dp) and DFT/B3LYP/6-311G(dp) were scaled to 0.9085 and 0.9669, respectively. All calculations were not limited and performed on a personal computer using GaussView visualization and GAUSSIAN09 program package. The frequencies values obtained by scaling were compared with the experimental values one by one. Correlation graphs were drawn between experimental and theoretical values. However, some modes of vibration frequencies are also provided. The frequency values obtained from the HF and DFT methods are seen in good agreement with the experimental data.
INTRODUCTION
8-Hydroxyquinoline and its derivatives are well known with their antibacterial, antifungal and antiamoebic activities. 1 Quinoline derivatives have attracted a special interest due to their therapeutic properties. 2 Quinoline sulphonamides have been used in the treatment of tuberculosis, malaria, diabetes and cancer.
3- 6 Recently, Arjunan and co-workers 7 have calculated the infrared vibrations of the 7-bromo-5-chloro-8-hydroxyquinoline molecule by the HF and DFT methods. Arici and Yilmaz 8 have studied infrared spectrum of 2-Methyl-8-quinolinol using DFT and HF theoretical calculations. At present, there is no theoretical infrared vibrational work on the 4-hydroxy-3-cyano-7-chloro-quinoline molecule in the literature. In this study, vibrational frequency results of 4-hydroxy-3-cyano-7-chloro-quinoline molecule are obtained by ab initio HF and DFT calculations. Optimal vibrational wavenumbers and modes of 4-hydroxy-3-cyano-7-chloro-quinoline molecule are also given.
EXPERIMENTAL
In this study, 4-hydroxy-3-cyano-7-chloro-quinoline molecule is named as 4H3CN7CLQ. Infrared spectra of 4H3CN7CLQ recorded between 4000-600 cm -1 using solid KBR pellet of 1.0% were download from the NIST Chemistry WebBook.
9 Infrared spectra of 4H3CN7CLQ recorded between 4000-600 cm -1 using solid KBR pellet of 1.0%.
Computational details
The 4H3CN7CLQ was optimized in the base case using the 6-311G(dp baseline set in HF and DFT/B3LYP method. The optimized parameters were used in the vibrational frequency calculations at HF and DFT levels. DFT for all studies reported in this paper was calculated from Eq. (1) E xc = (1 -a 0 ) E x LSDA + a 0 E x HF + a x ∆E x B88 + a c E c LYP + (1 -a c ) E c VWN (1) Where, the energy terms are the Slater exchange, the Hartree-Fock exchange, Becke's exchange functional correlation, the gradient correlated functional correlation of Lee, Yang and Parr and the local correlation functional of Vosko, Wilk and Nusair 10 , respectively. HF/6-311G(dp) and DFT/B3LYP/6-311G(dp) levels of theory with the optimized geometries were used to calculate infrared vibrations of the 4H3CN7CLQ molecule. All the calculated vibrational frequencies was scaled by 0.9085 for HF/6-311G(dp) and 0.9669 for BLYP/6-311G(dp).
11 All calculations were made on a computer using GaussView
12
visualization and GAUSSIAN09
13 package programs without limitation of the molecular structure.
RESULTS AND DISCUSSION
The 4H3CN7CLQ molecule includes 19 atoms. The 51 normal vibrational modes are distributed in the a' and a'' symmetry species at the Cs point group. The normal vibrations of a' and a'' can be attributed to the plane-in and plane-out modes, respectively. All vibrations are both infrared and Raman active. The molecular structure of the 4H3CN7CLQ and numbering of atoms in the molecule are shown in Figure 1 . 
Vibrational Assignments
The observed infrared spectra of the 4H3CN7CLQ molecule are given in Figure 2 . The frequencies calculated with HF/6-311G(dp) and DFT/B3LYP/6-311G(dp) are given in Table 1 with their relative intensities, probable assignments. The observed frequencies are usually lower than the corresponding calculated frequencies which are anscaled. It is well known that HF method tends to overestimate vibrational frequencies. 
O-H vibrations
O-H vibrations are sensitive in hydrogen-bonded molecules, so marking them is difficult. The nonhydrogen bonded or free hydroxyl group give a strong absorption peak in 3700-3500 cm -1 . 14 For solids, liquids and concentrated solutions, a broad band of less intensity is observed normally. If Inter-molecular hydrogen bonding is present, the O-H stretching band would reduce to 3550-3200 cm -1 region. 15 The computed wave number for the O-H stretching is observed at 3737. Table 1 . The observed infrared wavenumbers and calculated frequencies using HF/6-311G(dp) and DFT/B3LYP/6-311G(dp) with scaled frequencies, their intensities and probable assignments of 4H3CN7CLQ N.
Calculation HF/6-311G(dp) Calculation BLYP/6-311G(dp) 
C-H vibrations
Usually, CH stretching vibrations in aromatic structures have observed in the region 3000-3250 cm −1 19 and they are pure vibrations. In the present study, the bands at 3225, 3168, 3102 and 2979 cm -1 in infrared spectrum are assigned to C-H stretching vibration (see Table 1 ). These bands were calculated to be at 3076. 085 31G(d,p) , respectively. The calculated frequencies in the HF/6-31G(d,p) are shifted down too much, while the frequencies calculated in the DFT/B3LYP/6-31G(d,p) are shifting down less. These assigned frequencies are affected much by the substitutions. The C-H in-plane and out-of-plane bending vibrations generally lies in the ranges 1000 -1300 cm 
C-CI vibrations
The C-Cl stretching vibrations give generally a broad band at region 800-600 cm -1 depending on the configuration, conformation and substitutions of compound. 23 A strong infrared spectra band at 784 cm 
C≡N vibrations
Nitriles are characterized by the C≡N stretching vibrations which occur at 2260-2240 cm -1 in aliphatic nitriles. Conjugation lowers the nitrile frequency, due to resonance, to 2235-2215 cm -1 in most cases. 24 The experimentally observed strong band at 2243 cm -1 is assigned to C≡N stretching vibration. This band is calculated at 2334.122 cm -1 by HF/6-311G(d,p) and at 2311.549 cm -1 by B3LYP/6-311G(d,p), respectively. It can be said that the experimentally observed band is greater than calculated theoretically. The reason for this may be attributed to the calculations done in the gas phase.
Skeletal vibrations
The identification of C-N stretching band is a very difficult, since this band is always mixed with other bands. This band is generally observed in the region 1645-1575 cm -1 25 at pyridine derivatives. C-N stretching vibrations bands in combination with C-C are observed in strong intensity at 1636 . The experimentally observed these strong bands are found to be in agreement with the theoretically calculated both the intensity and the spectrum bands. The peaks are observed at 888 and 696 cm −1 due to C-C-C in-plane bending vibrations. For the 4H3CN7CLQ molecule, the correlation graphs obtained by comparing the frequencies experimentally and theoretically are shown in Figure 3 . As can be seen from Figure 3 , the experimental fundamentals are in better agreement with the scaled fundamentals and are found to have a good correlation for DFT/B3LYP than HF for the 4H3CN7CLQ molecule. The some sensitivite modes charecterized at DFT/B3LYP/6-311G(dp) level in the 4H3CN7CLQ molecule are illustrated in Figure 4 . The some sensitivite modes charecterized at DFT/B3LYP/6-311G(dp) level in 4H3CN7CLQ molecule.
CONCLUSION
For the first time, the infrared spectrum of the 4-hydroxy-3-cyano-7-chloro-quinoline molecule was studied theoretically and experimentally. The title compound was theoretically optimized using HF and B3LYP/DFT methods with 6-311G(dp) basis set and calculated the vibrational frequencies. The computed vibrational wavenumbers were assigned and compared with experimental infrared spectra.
The infrared absorption and intensities computed by HF and B3LYP methods with 6-311G(dp) basis set were in reasonable agreement with the experimental data. Comparison of the observed fundamental vibrational frequencies and calculated results for this molecule indicates that is superior to scaled HF and B3LYP approach for molecular vibrational problems.
